© Versita Sp. z o.o. The sorptive potential of some lignocellulosic agro-industrial wastes (sunflower seed shells and corn cob) for Basic Blue 9 cationic dye removal from aqueous solutions was examined using the batch technique. The Freundlich, Langmuir, and Dubinin-Radushkevich isotherm models were used in order to determine the quantitative parameters of sorption. The Langmuir isotherm model indicated a maximum sorption capacity for these materials in the range of 40-50 mg dye per g (25 o C), slightly higher for corn cob than for sunflower seed shells. The values of the thermodynamic parameters showed that the retention of cationic dye is a spontaneous and endothermic process. The application of pseudo-first order and pseudo-second order intraparticle diffusion models, and a BoydReichenberg model for kinetic data interpretation suggested that sorption of Basic Blue 9 dye onto the studied materials is a process where both surface sorption and intraparticle diffusion contributed to the rate-limiting step. These lignocellulosic wastes can be used with good efficiency for dye removal from aqueous effluents.
Introduction
There are two important aspects of the 'sustainable development' concept that are always considered in all management practices: the management of wastewaters and the integrated management of wastes [1] . In this context, the following elements may be evidenced.
-The diminishing of natural water resources and pollution enhancement require improvement and/ or development of new technologies for wastewater treatment in order to recycle treated wastewater within the technological process or safely discharge it into urban sewage systems or natural receiving basins; -The increased amount of solid industrial or agricultural wastes (biodegradable or non-biodegradable) creates problems concerning pollution of the environmental components, degradation of aesthetics and environmental health, as well as the loss of important secondary raw material resources.
The scientific literature offers information about pertinent solutions to both problems. There are situations when the two problems can be solved simultaneously, such as the sorption of pollutants from industrial effluents onto different waste materials used as sorbents.
Although old, sorption is still an attractive method in treatment of wastewater. Sorption is a physical-chemical process that consists mainly in transfer of the soluble pollutant species from a liquid to the surface of highly porous solid particles (sorbent). Attachment of pollutant species on the solid surface may occur through van der
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Waals forces (physisorption), by electrostatic attraction between opposite charges (ion exchange) or by strong chemical bonding between sorbate and sorbent (chemisorption) [2] . Increased applicability of sorption in control of water pollution is due to its simplicity, ease of operation, high quality of treated effluents, as well as the possibility to use a wide variety of materials as sorbents. The choice of a sorbent is based on requirements concerning high selectivity, large capacity of sorption, favorable kinetic features, physical-chemical stability, mechanical strength, easy regeneration and low cost [3] .
In order to avoid some disadvantages of conventional sorbents such as activated carbon, silicagel, alumina or synthetic polymers (high cost, loss during regeneration, difficulties in preparation), low cost unconventional materials are increasingly used for wastewater treatment. Generally, a sorbent can be considered as "low cost" if it requires little processing, and is abundant in nature or is a byproduct or waste material from agricultural and industrial activities [4] .
Agricultural solid wastes are lignocellulosic materials consisting mainly of cellulose, hemicelluloses and lignin; these structural components contain a variety of functional groups (such as carboxyl, hydroxyl and carbonyl) capable of binding to various molecular and/ or ionic pollutant species. Other specific characteristics of lignocelluloses are the hydrophilic character, high porosity and specific surface area. Lignocellulosic materials are the most abundant renewable resources for fuel and chemical products in the world. The residual vegetal materials can be valorized as a precursor to obtain activated carbon or as a bio-resource to obtain by hydrolytic and/or fermentative procedures some chemicals such as bioethanol, furfural, etheric oils, protein mass, different composts, adhesives, alimentary additives, antimicrobial agents, antioxidants, etc.
[3]. In the past, agricultural wastes (rice husks, tea waste, coconut wastes, peels of different fruits, shells from various agricultural products, etc.) have been extensively investigated as eco-friendly and inexpensive sorbents for removal of various types of pollutants [5] [6] [7] [8] .
The solid byproducts or wastes generated from industrial activities have been also explored as sorbents in treatment of wastewater. The most important such materials are: fly ash from thermal power plants, blast furnace slag, metal hydroxide sludge (steel industry), red mud (aluminum industry), wastes from the leather industry, sawdust, bark, lignin (wood industry), microbial biomass (food and pharmaceutical industry) [9] .
Wastewater from the textile industry and dye manufacturing industry contain a large variety of dyes and many other chemicals, representing a major environmental concern. Dyes released in the waste steams could cause significant water pollution. The presence of dyes in surface waters is highly visible, blocks light penetration, and thereby adversely affects aquatic life [8, 10] . Dyes as well as their decomposition products are potentially toxic for human health and may be mutagenic and carcinogenic. Treatment of dye containing wastewater is difficult because many dyes are stable to light, heat and oxidizing agents and resistant to microbial attack. An efficient and economic method to decolorize industrial effluents uses sorption of dyes on different types of materials, from ion exchange resins and activated charcoal to natural and unconventional materials [11] [12] [13] [14] . In the past, due to their ionexchange capabilities, many agricultural lignocellulosic wastes have been tested and proposed as low cost environmentally-friendly sorbents for removal of dyes from water and wastewater [12, [15] [16] [17] [18] . Among these materials, sunflower seed shells and corn cob wastes constitute a promising resource due to the extensive cultivation of sunflower and corn; literature data show little information about their use in dye removal [14, [19] [20] [21] [22] [23] .
The aim of the present paper is to investigate the efficiency of some lignocellulosic wastes (sunflower seed shells, industrial waste and corn cobs, agricultural waste) in removing by sorption the cationic phenothiazine Basic Blue 9 dye from aqueous media. The sorption isotherms, thermodynamics, and kinetics of Basic Blue 9 sorption by sunflower seed shells and corn cobs, as well as the FT-IR spectra of the sorbents before and after dye removal were studied in order to elucidate the sorption mechanism.
Experimental procedure

Materials
Sorbents
For the present study, two agro-industrial lignocellulosic wastes were selected: sunflower seed shells (SSS) and corn cob (CC). The sunflower seed shells were collected as waste product from a local oil extraction industry (SSS represents about 18-20% of the processed seeds) and the corn cob was supplied by a local farmer (Romania). Both materials were air-dried at room temperature (25ºC) for a few days and later were ground and sieved to obtain different fractions. The selected fraction of particles with size smaller than 0.8 mm was stored in a glass bottle for further use without any pretreatment.
FT-IR spectra of SSS and CC before and after dye uptake were recorded on solid samples in KBr pellets, by means of a FT-IR BioRad spectrometer FTS2000, with 4 cm -1 resolution for 32 scans.
Dye
The dye used in the experiments was Basic Blue 9, a phenotiazine cationic dye (Methylene Blue; C.I. 52015 - Fig. 1 ), characterized by MW = 320 g mol -1 and λ max = 660 nm. It was purchased as a commercial salt from which the stock solution (320 mg L -1 ) was prepared. The working solutions were prepared by appropriate dilution of the stock solution with double-distilled water.
Sorption equilibrium studies
To study the sorption equilibrium, experiments were carried out in batch conditions, by contacting 0.1 g of sorbent with 25 mL aqueous solution of cationic dye Basic Blue 9 of various initial concentrations (19.2 -320 mg L -1 ) in 100 mL conical flasks placed in a temperature-controlled bath (Poleko SLW53). After 24 h, the sorbent was removed by filtration and the residual dye concentration in solution was determined by spectrophotometry (VIS) using a VIS Digital Spectrophotometer, model JK-VS-721N.
The sorption capacity of the sorbent was evaluated by the amount of retained dye, 
where C 0 and C e are the initial and residual concentrations of dye in solution (mg L -1 ) respectively, m is the amount of sorbent (g), and V is the volume of solution (L).
Sorption kinetic studies
In order to study the effect of contact time on the dye sorption efficiency, and also to establish the sorption rate and the sorption controlling step, the 'limited bath' technique was used. Therefore, samples of 0.4 g sorbent were added, under stirring, to the 100 mL solution of dye with 89.6 mg L -1 initial concentration and were maintained at 25˚C. After different time periods (from 5 to 360 min), small volumes of supernatant were taken for absorbance measurements and determination of the dye content, respectively, using the same procedure as in equilibrium studies.
The extent of sorption was expressed by the fractional attainment of equilibrium, F:
where q t and q e (mg g -1 ) are the amounts of dye sorbed at time t and at equilibrium (24 h), respectively.
Error analysis
Equilibrium sorption data as well as kinetic data were investigated using different isotherms and kinetic models and the corresponding parameters were determined by linear regression analysis. In order to compare the adequacy and accuracy of the models equations with experimental data, error analysis was carried out. Due to the inherent bias resulting from the linearization of isotherm and kinetic models, along with the linear regression coefficient R 2 (the determination coefficient), the degree of model fitness was evaluated using nonlinear error functions; the Chi-square test, χ 2 [24] and the residual root mean square errors, RMSE [25] were used. The standard equations are as follows: 
Results and discussion
Characterization of sorbents by FT-IR analysis
The literature data show that both SSS and CC contain cellulose, hemicelluloses and lignin as main structural components, with percentages depending on the type of vegetal material and also the climate and growing conditions. The typical composition of sunflower seed shells is cellulose (30-32%), hemicellulose (25-27%), and lignin (28-29%) [19, 26] ; for corn cob, it is cellulose (40-45%), hemicellulose (35-40%), and lignin (10-15%) [27, 28] . In addition, both materials contain minor components, such as crude proteins (about 3-4%) and lipids (5% in SSS) [29] [30] [31] [32] . Due to the complex nature of their structural components, the lignocellulosic materials contain various functional groups which are able to retain dye molecules The FT-IR spectra of the SSS and CC before and after the sorption of cationic dye Basic Blue 9 from aqueous solutions are presented in Fig. 2 .
The FT-IR spectra of the sorbents before dye sorption ( Fig. 2 ) display numerous peaks, assigned to the large number of functional groups, which can be associated with the main polysaccharide compounds (Table 1) [26, [29] [30] [31] [32] .
In the FT-IR spectrum of Basic Blue 9 dye there are peaks assigned to the C-N stretch in tertiary amines (in the region 1250-1020 cm -1 ) and in aromatic amines (1350-1280 cm -1 ), respectively, and several peaks attributed to deformation vibrations of the C-H bond in polynuclear aromatic rings (675-900 cm -1 ) [33] . Comparing the FT-IR spectra of the two lignocellulosic materials before and after sorption of cationic dye it can be observed that the intensity and position of peaks assigned to some characteristic functional groups (such as stretching of -OH groups, -COOH groups, aromatic rings in lignin) were either minimized or slightly shifted after dye uptake. Also, in the spectra of the sorbent materials following dye sorption, a new band at 1384.89 nm attributed to C-N bonding has been identified, which confirms the retention of Basic Blue 9 dye onto the solid materials. These observations suggest that in the dye sorption mechanism may be involved the electrostatic interactions between the negative charged surface of the sorbent (as a result of dissociation of carboxyl and lignin phenolic hydroxyl groups) and the cationic dye, as well as hydrogen bonding (lignocellulosic -OH...N-dye) and dispersive interactions between aromatic rings of the lignin and conjugated structure of the dye.
Sorption equilibrium
In our previous paper [34], we analyzed the influence of several operational parameters (solution pH, sorbent dose, initial dye concentration, contact time of phases and temperature) on the sorption of cationic Basic Blue 9 dye onto sunflower seed shells and corn cob. Experiments indicated that maximum dye removal is reached in neutral-alkaline solutions (pH = 6-10), when initial solution pH is higher than pH PZC values (4.8 for CC and 5 for SSS), and the sorbent surface is negatively charged (mainly due to the dissociation of uronic acids from hemicelullose). The sorption of dye cations is favored through electrostatic attraction. Also, a higher sorption efficiency was reached with a sorbent dose of 4 g L -1 (for 51.2 mg dye L -1 ). For this reason, the natural pH value of dye solution of 6.5 (without pH adjustment) and a sorbent dose of 4 g L -1 were selected as the optimum values for the present experiments.
Sorption isotherm study is important for the design and optimization of sorption systems, giving information about the capacity of the sorbent and the nature of interactions between sorbate species and active sites of the sorbent. The equilibrium sorption experiments of Basic Blue 9 cationic dye from aqueous solutions were carried out at three different temperatures (5ºC, 25ºC, and 45ºC) using initial concentrations of dye varying from 19.2 to 320 mg L -1 at pH 6.5 and 24 hours contact time. The sorption isotherms are presented in Fig. 3 .
From Fig. 3 it is evident that the sorption of the cationic dye on these materials shows Langmuir behavior, corresponding to L3 type in Giles classification systems for adsorption of a solute from its solution [35] . Also, it can be observed that in the studied dye concentration range, the resulting isotherms are concave to the concentration axis, suggesting an affinity for lignocellulosic materials and a saturation trend at higher dye concentrations. An Figure 2. FT-IR spectra of SSS (a) and CC (b) before (1) and after dye sorption (2) and of Basic Blue 9 dye (3).
increase in temperature led to an increase of the sorbed dye amount. Hence, the relationship between the amount of dye sorbed and its equilibrium concentration at each temperature was described using three of the most common sorption isotherm models, Freundlich, Langmuir, and Dubinin-Radushkevich (DR) [17] , expressed by the following equations:
Dubinin-Radushkevich (DR): ln q e = lnq 0 -Bε 2
where C e is the solution concentration of dye after the sorption process (mg L -1 ), K F and 1/n are constants related to the sorption capacity and sorption intensity (efficiency), respectively, estimated from the slope and the intercept of linear plots of log q e versus log C e ; q 0 is the maximum amount of sorbed solute (mg g -1 ), and K L is the constant related to the binding energy of solute (L mg -1 ) evaluated from the linear plots of 1/q versus 1/C; B is the D-R isotherm constant related to mean free sorption energy E according to relationship 2 1 2 B E = (mol 2 kJ -2 ); ε is the Polany potential defined by ; R is the universal gas constant, and T is the absolute temperature (K).
The parameters (constants) associated with the sorption isotherms\ models evaluated from the intercepts and slopes of the corresponding linear plots, their uncertainties (standard deviation) as well as the values of the correlation coefficients, R 2 , RMSE and χ 2 -test are presented in Table 2 .
For all temperatures the values of the Freundlich constant n are greater than one, indicating a favorable sorption of cationic dye by both SSS and CC. Comparing the values of the correlation coefficients R 2 , residual root mean square error, RMSE, and Chi-square χ 2 -test values (Table 2) suggests that the experimental data of cationic dye sorption by SSS were more appropriate to the Freundlich isotherm model, whereas the Langmuir isotherm gives a better fit for the dye sorption onto CC at all temperatures studied. This behavior may be explained by different distribution of the active sorption sites on the surfaces of the two sorbents. It would seem that sorption of dye molecules onto the more heterogeneous surface of the SSS takes place with formation of multilayers and even closing of some of the pores, whereas the more homogeneous surface of CC leads to monolayer sorption without interaction between sorbed dye molecules. The values of maximum (monolayer) sorption capacity (q 0 ) of cationic dye for the materials studied are close at 25ºC: 43.37 mg g -1 for SSS and 48.69 mg g -1 for CC, values which match those reported in the literature about sorption of dyes onto natural materials [15, 17, [19] [20] [21] [22] [23] 36] and sorption of Basic Blue 9 dye onto sorbents based on lignocellulosic wastes (Table 3) .
As it can be seen from Table 2 , the values of the Freundlich (K F and n) and Langmuir (q 0 and K L ) parameters increase with increasing temperature, indicating that the sorption of cationic dye is favored by high temperature. For constant temperature, the values of the Langmuir constant K L which characterize sorption of dye onto SSS are much lower than those for CC, suggesting a weaker binding between cationic dye and the sorbent surface. In the case of CC, the higher values of the binding constant could be explained ; temperature: 5ºC, 25ºC, 45ºC.
by the higher content of hemicelluloses in corn cob. The total cellulose content in corn cob of about 80% and the low lignin percentage are responsible for the "weaker" structure of the material and a higher porosity (in SSS, the proportions of cellulose, hemicelluloses and lignin are almost equal). The sorption capacity of CC is highest at 45ºC, probably due to the increasing diffusion of relatively large dye molecules in the porous structure of corn cob with temperature increase.
The maximum sorption capacity according to the DR isotherm equation was found higher than the q o estimated using the Langmuir isotherm model. Similar results have been reported by other authors [37] and can be attributed to the fact that the D-R isotherm follows a pore filling mechanism. The theoretical maximum load q 0 is a measure of the porosity characteristics of the sorbent, indicating the total specific meso-and macropore volume. The values of mean free energy of sorption, E, determined using the DR equation can offer some information about the sorption mechanism: E values less than 8 kJ mol -1 are associated with physical sorption, and values between 8 and 16 kJ mol -1 with an ion exchange mechanism of sorption [16] . As can be seen from Table 2 , for both sorbents at all studied temperatures, the values of mean free energy of sorption were between 5.131 and 7.392 kJ mol -1 , indicating that the sorption of cationic dye by the lignocellulosic wastes studied here is due mainly to weaker physical interactions (hydrogen bonds, dipole-dipole interactions). At the same time, electrostatic interactions between negatively charged functional groups (carboxyl, phenolic hydroxyl) and the cationic dye molecule cannot be ruled out.
Sorption thermodynamics
The fundamental criterion for spontaneity of the sorption process is the Gibbs free energy variation, given by the following equation: where ∆G 0 is free energy change, R is the gas constant, T is absolute temperature, and K is the equilibrium constant of the sorption process.
Using the relationship between equilibrium constant and temperature, other thermodynamic parameters, such as enthalpy change, ∆H 0 , and entropy change, ∆S 0 , at constant temperature can be determined as follows [17] :
Literature data show different methods to evaluate the equilibrium constant K [46] . In our study, it was calculated according to the Khan and Sing method [47] by plotting ln q e /C e against q e at different temperatures and extrapolating to zero q e . The values of K D obtained (Table 3) corresponding to dye sorption on CC and SSS increased with increasing temperature. Their different magnitudes suggest differences in composition and porosity of the two sorbents.
The values of the Langmuir constant K L (expressed in L mol -1 ) were used as equilibrium constants to calculate thermodynamic parameters of dye sorption by CC and SSS. The thermodynamic parameters ∆H 0 and ∆S 0 were estimated by plotting ln K versus 1/T (Fig. 4) . The values of the thermodynamic parameters obtained in both cases as well as standard deviations are given in Table 4 . In order to evaluate the fit of the van't Hoff equation to the experimental data, along with the linear regression coefficient R 2 in Table 4 values of the RMSE were included, which estimate the deviation of the actual ln K values from the regression lines.
The analysis of information offered by Fig. 4 and Table 4 leads to the following observations: -There is a difference between the values of the thermodynamic parameters using the Langmuir constant and the equilibrium constant, probably due to the different size orders of the two constants; however, in both cases the values of free energy change are negative, whereas the enthalpy and entropy changes are positive.
-Comparing the values of the regression statistical parameters from Table 4 it is obvious that the evaluation of thermodynamic quantities using the equilibrium constant K D is more accurate.
-At all temperatures, the values of the Gibbs free energy change (∆G 0 ) are negative and decrease with temperature increases, indicating that the cationic dye sorption onto wasted materials used as sorbents is thermodynamically possible and spontaneous in nature.
It is known that ∆G
0 values up to -20 kJ mol -1 correspond to physical sorption (weaker van der Waals forces, hydrogen bonding, electrostatic interactions between sorption sites and sorbed species), while values of ∆G 0 more negative than -40 kJ mol -1 indicate formation of coordinate bonds (chemical sorption) [48] . The magnitude of ∆G 0 values obtained in this study suggests that physical sorption is the predominant mechanism; similar information was reported by other researchers [6, 49, 50] .
-The positive values of enthalpy change (∆H 0 ) obtained from the slope of ln K vs. 1/T indicate the endothermic nature of the sorption process, which is in agreement with the increase of sorption capacity with temperature increase. The relatively low values strengthen the claim that the sorption process arises through a combination of physical van der Waals interactions and electrostatic attractions [49, 51] . The difference between the reaction enthalpy values obtained for the two materials can be explained by the differences in porosity of the materials, differences in the proportion of chemical components of the sorbents and in their mechanical properties, as well as the diversity in structural architectures of lignocellulosic fibres (shape, size, cellular structure and thickness of walls) evidenced by histological analysis.
-The positive value of entropy change (DS 0 ) characterizes the increased randomness at the solidliquid interface during the sorption of dye, as well as some structural changes in the sorbate and sorbent. The positive entropy reveals the electrostatic interactions between oppositely charged groups and may be a consequence of the increase in the degree of freedom of the sorbed species.
Isosteric heat of sorption
For a better description of heat effects during sorption of Basic Blue 9 cationic dye on SSS and CC, the isosteric heat of sorption (ΔH X ) was calculated. This thermodynamic parameter is defined as the energy difference between the state of the system before and after sorption of a differential amount of sorbate on the sorbent surface. Values of ΔH X below 80 kJ mol -1 indicate a physical sorption, and values of ΔH X between 80 and 400 kJ mol -1 suggest a chemical sorption. Moreover, ΔH X values give indications about the sorbent surface heterogeneity [51] . The isosteric heat of sorption was evaluated using the Clausius-Clapeyron equation [52] :
where: C e is the equilibrium concentration of sorbate in solution (mg L -1 ) at constant surface loading, R is the gas ideal constant and T is the Kelvin temperature.
Values of ΔH X obtained from the slope of the plots of ln C e vs. 1/T for the sorption of Basic Blue 9 dye on SSS and CC (Fig. 5) are presented in Table 5 .
The isosteric heats of sorption values (Table 5 ) confirm the endothermic nature of the sorption process and correspond to the physisorption mechanism. The ΔH X values vary with increase in sorbent surface coverage, suggesting the energetic heterogeneity of sorption sites toward dye retention and the occurrence of positive interactions between sorbed dye molecules. This behavior may be a consequence of the association of dye molecules to form dimers or larger aggregates in solution and in the sorbed state, especially at high dye concentration [53, 54] .
Sorption kinetics
Study of the influence of contact time of the phases on the sorption is important to establish when the system reaches the equilibrium state and to select the most favorable operating conditions in full-scale batch processes. The effect of contact time on the Basic Blue 9 removal by SSS and CC is presented in Fig. 6 .
As can be seen in Fig. 6 , the values of fractional attainment of equilibrium rapidly increase with contact time in the first 100 min and after that the rate of dye sorption becomes slower; for practical purposes, equilibrium is considered to be achieved after 3 hours. The literature data in the sorption kinetics field show that there are three steps involved in the sorption process: (i) the diffusion of the solute species from bulk solution through the boundary layer to the sorbent surface (film diffusion), (ii) the diffusion of solute from the surface into the pores of the solid particle (pore diffusion or intraparticle diffusion), and (iii) the interaction of solute with active sites on the surface of the sorbent. In order to establish the rate controlling mechanism of the process (mass transfer or sorption interactions), the kinetic data of the sorption of Basic Blue 9 cationic dye on the lignocellulosic wastes (SSS and CC) were processed using four kinetic models summarized in Table 6 [55].
The kinetic parameters related to each model were calculated from the intercepts and slopes of the corresponding linear plots (Figs. 7a-7d ), and summarized in Table 7 . The correlation coefficients (R 2 ), RMSE and χ 2 were used to evaluate the conformity of the experimental data with the proposed kinetic models. The correlation coefficients for the Lagergren model (Table 7) are lower than for the Ho model; also, the values of RMSE and Chi-square test are higher in the case of pseudo first-order kinetics in comparison with those obtained for pseudo second-order. As well, the q e values calculated using the Lagergreen equation did not agree with the experimental values (q e , exp ). This suggests that the pseudo-first order kinetic model is not adequate to describe sorption of Basic Blue 9 dye onto sunflower seed shells and corn cob wastes. The linearity of the plots for the pseudo-second order model presented in Fig. 7b , the extremely high correlation coefficients and the close match between the calculated (q e ) and experimental (q e,exp ) values of the amount of sorbed dye (Table 6 ) confirm that the rate of the sorption process is well described by a pseudo second order equation. Similar behaviors are reported in literature [36, 37] . ; pH = 6.5; temperature 25ºC. 
Boyd -Reichenberg model
Bt is a mathematical function of F and can be calculated with the Reichenberg relation: In order to obtain more information about the sorption mechanism, the experimental kinetic data were processed using the intra-particle diffusion model. If the plot of q t vs. t 1/2 is linear, diffusion is involved in the entire sorption process, and if the straight line passes through the origin, intra-particle diffusion is the only rate controlling step [51] . As can be seen from Fig. 7c , the plots q t vs. t 1/2 show two linear regimes, indicating that two steps occur during the sorption process. The first regime corresponds to external mass transfer (film diffusion) or instantaneous sorption stage, while the second regime could be due to intraparticle diffusion (gradual sorption stage) [56] .
To estimate which of these diffusion steps is the limiting rate, the Boyd -Reichenberg model (Table 7) was applied. Under this model, if the plot of Bt versus t is a straight line passing through the origin, the sorption will be governed by an intraparticle diffusion mechanism, otherwise governed by film diffusion (external diffusion) [57] . The graphical representation of Bt vs. t (Fig. 7d) shows that the plots do not have a linear form (as can be seen from the values of the linear coefficients given in Table 7 ) and do not pass through the origin, indicating the external diffusion as a rate controlling step in the initial stages of the sorption of Basic Blue 9 dye onto used sorbents. After saturation of the surface, the dye molecules enter into the porous structure of the sorbents by intraparticle diffusion. Similar results were reported by other authors [58] . Based on the results of the kinetic study of Basic Blue 9 cationic dye sorption onto studied agro-industrial waste materials, it can be concluded that intra-particle diffusion is involved in the sorption process but is not the rate limiting step.
The valorization of final products from the sorption process
Valorization of the sorbent loaded with dye must be realized in order to dispose of these materials in environmentally safe conditions. This step has the following options: (i) burning after drying; (ii) capitalization; (iii) use for composite materials; (iv) composting processes of biodegradable wastes; (v) regeneration by treatment with acid or organic solvent solutions and reuse in other cycles of dye sorptiondesorption. After a sorption process for a real industrial effluent, it is necessary to separate the solid and aqueous phases and to continuously control the pH between 
Conclusions
The following conclusions are drawn concerning the sorption process of Basic Blue 9 cationic dye onto tested agro-industrial wastes, SSS and CC: 1. The FT-IR spectra of the SSS and CC wastes before and after sorption of Basic Blue 9 dye suggest that the removal of cationic dye from aqueous solutions occurs through a combination of electrostatic interaction and physical sorption.
2. The analysis of the experimental data through Freundlich, Langmuir, and Dubinin-Radushkevich isotherm models reveals that the Langmuir model is the best fit for the equilibrium sorption data.
3. The value of the mean free energy of sorption determined by the DR model suggests that the sorption of dye cationic molecules on the sorbent surface with complex organic composition occurs via a combination of electrostatic interactions between opposite charges and physical forces.
4. The values of thermodynamic parameters indicate the feasible, spontaneous, and endothermic nature of the sorption process.
5. The kinetics of the cationic dye sorption onto wasted lignocellulosic materials follows a pseudosecond order rate equation, and the external diffusion may be the rate limiting step.
The results obtained at the laboratory scale indicate that the studied agro-industrial wastes may be effectively used as cheap and efficient sorbents in the decolorization process of textile wastewater loaded with a moderate content of cationic dye. Also, the results encourage studies of the applicability of agricultural lignocellulosic wastes as sorbents for the removal of other types of dyes from industrial effluents.
